(2) Following gastro-jejuno-colic fistula (D) Loss of digestive juices from biliary, pancreatic or intestinal fistuhx I propose to leave the consideration of post-operative obstructions to Professor Ian Aird and to concentrate first on some aspects of increased small bowel activity immediately following gastric surgery.
Diarrhwea after gastrectoniy.-Mild and transient diarrhoea js not uncommon a few days after gastrectomy. It is usually ascribed to jejunal irritation by ingested organisms, which now escape destruction in consequence of the diminished acidity of the gastric juice; though it is seldom possible to demonstrate pathogenic organisms in the faces. Howie et al. have suggested that the migration into the stomach and upper reaches of the intestine of organisms normally resident lower down is a more likely cause.
Reduced gastric acidity, with consequent bacterial proliferation in the upper jejunum, is also suspect in diarrheea following vagotomy. Commonly this is more troublesome than post-gastrectomy diarrheea; indeed, in some 20% of patients it is severe, and it may run a protracted course, or recur repeatedly after intervals of freedom. Other factors than hypo-acidity may well contribute to its production-for example, the gastric retention, or the reduced flow of pancreatic juice that normally follows vagotomy. The speedy relief by Mecothane suggests that gastric stasis plays some part; and I have known long-standing diarrhoea following vagotomy to be abolished by the later establishment of a gastro-enterostomy.
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Proceedings of the Royal Society of Medicine 20 Perhaps the greatest importance of these simple diarrhceas is to foster an attitude of watchfulness in the post-operative period.
More often than not without serious import, diarrheea forty-eight hours after operation may be the first evidence of a fulminating necrosis of the intestinal mucosa, one of the less common but more catastrophic of the hazards of major surgery.
Post-operative necrosis of the intestinal mucous membrane.-The clinical and pathological features of this strange condition are characteristic. A cholera-like diarrhaea begins abruptly -or, in cases undergoing suction, the aspirate becomes foul and alarmingly excessive--and collapse and peripheral circulatory failure follow so rapidly that death may occur in fortyeight to seventy-two hours, or sooner.
The striking morbid change is a diffuse or patchy necrosis of the mucous membrane of the jejunum, or ileum, or colon, or all three; the necrotic mucosa may be shed, or may form a "pseudomembrane" over the deeper layers of the bowel wall. Both to the naked eye and microscopically ( Fig. 1) there is a striking absence of the recognized evidences of infection or inflammation, or of obstruction of the main intestinal vessels.
FIG. 1.-Necrotizing enteritis: Jejunum (H. and E. x 9) to show the pseudomembrane, mucosal destruction, the congestion and cdema of the submucosa and the relative integrity of the muscular and peritoneal coats.
The cause of the necrosis is by no means clear. Penner and Bernheim (1939) suggested that it was a sequel to intensive vasoconstriction of the intestinal vessels from shock. The observations of Chambers and Zweifach (1944) on the behaviour of the splanchnic circulation in experimental shock, and Grayson's (1949) striking demonstration of the extreme lability of the mucosal circulation, also give some support to an ischemic mechanism; but what the factors are that determine an intestinal locus for such gross effects are quite unknown.
Through the co-operation of my colleagues, I have now records of 12 cases; but only in 5 had there been a distinct period of hypotension; in the rest, blood pressure recordings had not been made. I believe this is an important entity; and evidence is accumulating that it is more common than we suppose. There have been recent reports of 107 cases from the Mayo Clinic (Pettet et al., 1954) ; of 10, all following gastric surgery, from St. Thomas's Hospital (Williams and Pullan, 1953) ; and I know of instances in the practice of several of my surgical friends.
An epidemic form of primary necrotizing enteritis which has many points of resemblance was reported from Germany by Fick in 1947, and sporadic cases have occurred in this country. In certain of the German cases a Clostridium of the welchii type was isolated. It elaborates a powerful toxin, and it has been suggested that, acting as a chemical irritant, this causes corrosion of the mucosa, and death in consequence of the enormous outpouring of fluid.
It would be tempting, in the light of Howie's discovery of the same Clostridium in the gastric pouch, and presumably its presence also in the jejunum, to advance a similar explanation for post-operative necrosis, if it occurred only after gastrectomy. Unfortunately this is not so.
Thus, in the recent Mayo Clinic report, nearly half the patients had had operations on the colon, and some had undergone procedures outwith the abdomen-thyroidectomy, mastectomy, and even for cerebellar tumour, and it is difficult to explain how a lethal change in the intestinal flora could be brought about in these circumstances.
A fulminating necrotic enteritis may also complicate antibiotic therapy (Reiner et al., 1952; Dearing and Heilman, 1953) , and especially the exhibition of Aureomycin and Terramycin.
It seems to be due to a resistant staphylococcus; but post-operative necrosis was well known before the antibiotic era, and, in my own cases, only one had been treated with Terramycin.
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Section of Surgery 247 The intensity of the accompanying collapse is related to the enormous loss of fluid, electrolyte, and protein from the bowel; and, as in Asiatic cholera, early diagnosis and the heroic use of fluids, plasma and blood should improve the prognosis. Regeneration of the bowel lining is theoretically possible; for even in extreme cases, islands of mucous membrane persist at the bottom of the intestinal glands, and despite the wholesale destruction, cells may be discovered in mitotic division.
Disorders of digestion and absorption.-Post-operative malabsorption states are among the most distressing of the sequelae of gastro-intestinal surgery. Certain of the therapeutic problems involved-such as the maintenance of fluid, electrolyte and nutritional status in the presence of intestinal and other fistule, and the management of the nutritional aftermath of gastrectomy-have been extensively studied of late years.
It is becoming all too apparent also that short-circuiting anastomoses are treacherous, and I have lately been concerned with 2 patients in whom a serious deficiency state arose when a Polya gastrectomy was made some years after duodeno-jejunostomy for duodenal ileus. In the first the duodeno-jejunal anastomosis was undone, and the Polya converted to a Billroth I gastrectomy, in which the blind loop was undone, with complete relief of all symptoms; the second is still under treatment.
But the problem which is of outstanding practical importance and interest to the surgeon is that of "extensive resection of the small intestine".
The length of small intestine which it is permissible to remove in extensive disease is disputed; but it is usually determined by the pathological limits of the disease. In any event, it is obviously more important to think in terms of the length of the intestine left behind. The size of the relaxed bowel after resection is a poor guide to its effective length during life; and there is such wide variation in the size of the small intestine, that measurement of a resected specimen is an inaccurate index of the amount remaining. Thus, Treves found that even in the cadaver the length of the small intestine varied between limits of 151 and 31j feet.
In a patient aged 47, an extensive resection, reputedly 8 feet, had been carried out for gangrenous internal strangulation. Her "intestinal size", estimated by swallowing a thread, was 5 ft. 11 in. from mouth to anus, and the barium meal illustrates how little of the intraperitoneal bowel remains (Fig. 2 ). w. . . . . . . i . . . . . . . After many vicissitudes she now lives in moderately good health, but on a suitably reinforced diet. She illustrated three important and common features of the malabsorption syndrome" following extensive resection:
(1) Its late onset. Some three and a half years elapsed before she had serious nutritional difficulty. It is this delayed on et that makes short-term follow-up valueless and misleading.
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(2) The completeness of the malabsorption. It has been claimed that followiing extensive resection the protein deficiency, the oedema, the macrocytic anemia, and the hypocalcXmic osteoporosis which are features of the "loop" syndromes do not occur; but in this case there was every conceivable defect, including crush fractures of the spine.
(3) The therapeutic possibilities, provided the remaining gut is normal.
It is commonly stated that resection of up to a half of the small intestine is permissible, and up to three-quarters is generally satisfactory, with only occasional diarrhoea, provided the diet is fortified; but there is an important element of unpredictable and individual variation, and in some cases regional ileitis; for example, a latent change in the mucosa of the remaining intestine may make the nutritional problem insoluble, even in resections of less than half of the small gut.
Professor L. J. Witts: Defective absorption of iron and vitamin B12 is one of the inevitable consequences of loss of the stomach in man (ReMine and Priestley, 1952; Callender et al., 1954) . When the gastric operation is less than a total ablation, a large number of variables is introduced which may affect the issue. Some of these are the sex and age of the patient, the amount of stomach removed, the preservation of the pyloric outlet, the length of the afferent loop, and the duration of time since the operation. To analyse these fully would demand many cases and a statistical technique akin to the Latin square. In individual patients a large number of methods of investigation is available. We can study the gastric remnant by biopsy and by the estimation of uropepsinogen in the urine, which seems the most reliable method of assessing the gastric secretion after operation. We can determine the absorption of fat by measuring the intake and output, and we can determine the absorption of iron and vitamin B12 by giving radioactive tracer doses of these substances. We can also determine the level of iron and vitamin B12 in the serum.
Pernicious anxmia is rare after partial gastrectomy or gastro-enterostomy; Wells and MacPhee (1954) give an incidence of 2 in 500 of their patients who had undergone partial gastrectomy. J. R. Evans and others in my Department have recently studied one patient with megaloblastic anxmia after gastro-enterostomy and 5 with megaloblastic anemia after partial gastrectomy. 4 of the latter had had a Polya operation and one a high Billroth; in none was the gastrectomy total. In 5 patients we believe that the original ulcer was gastric, in one the site is not known. Anemia developed from two to seventeen years after operation and was of the classical Addisonian type in 4 patients. In the fifth it was relatively mild. The sixth patient had a general malabsorption syndrome, the marrow was never very megaloblastic, and the anaemia was dimorphic and refractory to treatment by vitamin B12 and folic acid alone. The amount of uropepsinogen excreted in the urine was usually in the pernicious anemia range, fat excreted in the stools ranged from 4 to 16 % of the intake, and there was a failure to absorb vitamin B12, which could be corrected by the administration of intrinsic factor, except in the patient with the malabsorption syndrome. It seems, therefore, that in 5 of these patients the megaloblastic anemia was due to atrophic gastritis in the stomach remnant and consequent loss of intrinsic factor, while in the sixth the syndrome of jejunal insufficiency had developed as a result of the disturbance in the mechanics of the gut.
Our experience is thus a little different from that of Naish and Capper (1953) who reported 4 cases ofjejunal insufficiency with steatorrhoea, cedema and anemia after gastro-enterostomy or the Polya operation. In their patients it was shown either that the gastric juice was normal or that the syndrome could be relieved by restoring the normal continuity of the gut. In all 4 the syndrome appears to have been due to the presence of a by-passed loop of intestine. It would therefore appear that megaloblastic anemia after gastric operations may be due either to atrophic gastritis, when it is on all fours with the classical pernicious anemia, or to the syndrome of the stagnant loop, in which it is combined with symptoms of jejunal insufficiency and may be relieved by restoring the continuity of the gut.
In hypochromic anemia after gastric operations, on the other hand, less weight than formerly is now given to the loss of the gastric secretion. It is believed that iron is preferentially absorbed in the duodenum and the upper part of the small intestine, and the important factors predisposing to iron deficiency appear to be the by-passing of the duodenum, the hurry of the meal through the jejunum, and the irritation of the small intestine which sometimes leads to steatorrheea. However, although operations on the stomach interfere with the absorption of iron, hypochromic anamia of any severity is unlikely to develop unless the factor of blood loss is also introduced.
Simple resection of the small intestine does not usually lead to megaloblastic anamia nor does it lead to vitamin deficiencies or cedema. If the resection is extensive-more than half-it leads to diarrhoea, steatorrhcea and wasting; the patient starves to death. The condition has been called enteroprival sprue but I think the term small-gut insufficiency (Jackson et al., 1951) is better. More commonly anemia and malnutrition develop as a result of mechanical disturbances of the small intestine such as intestinal stenosis, intestinal anastomosis and gastro-colic fistula (Watson and Witts, 1952a) . In these cases the ill-effects are attributed to stagnation in the small intestine or to fouling of the stomach and intestine by fieculent material. The abnormal bacterial flora appears to be important though the mechanism whereby it creates anaemia and malnutrition is obscure. It may be by provoking gastro-enteritis, with depression of the function of the mucos& by inflammation or by mechanical blockage by mucus. This will give rise to deficiency of vitamin B12 if the stomach is involved and to deficiency of folic acid, possibly combined with deficiency of vitamin B12, if the small intestine is involved. A second possibility is bacterial competition with the host. It is now believed that the fish tapeworm (Diphyllobothrium latum) produces pernicious anamia in man by abstracting vitamin B12 from the small intestine and denying it to the host.
It is possible that bacteria may do the same when there is fouling of the upper part of the small intestine. A further possibility is suppression of bacteria which produce vitamins and encouragement of bacteria which produce toxins which are antagonistic to the vitamins.
The "stenosis, anastomosis or loop syndrome" is characterized by macrocytic anaemia, hypoproteinemic aedema and steatorrheea. There is a suggestion that steatorrhoea is more severe with high loops and aneemia with low loops. Estimation of the vitamin B12 of the plasma and the results of therapy indicate that the anTmia is usually due to deficiency of vitamin B12 (Mollin and Ross, 1954) . It is therefore not surprising that subacute combined degeneration occasionally occurs. This is a difference from sprue and idiopathic steatorrheea, in which the anemia is usually due to deficiency of folic acid and subacute combined degeneration is uncommon. It is also a difference from the similar syndrome which develops in the rat after the production of a cul-de-sac in the small intestine, as this is relieved by folic acid or by intestinal antiseptics but not by vitamin B12 (Watson and Witts, 1952a, b) .
The mechanism of the deficiency of vitamin B12 is not clear. In several patients who responded to vitamin B12 parenterally it has been shown that the gastric juice contained free hydrochloric acid and intrinsic factor, or that the gastric mucosa was histologically normal.
It seems, therefore, to be a disturbance in the absorption of vitamin B12 from the intestine, and the anemia may improve as a result of the administration of intestinal antiseptics such as the antibiotics. Finally, there are a number of cases in which the anemia has been permanently cured by restoration of the normal continuity of the intestine. Four hitherto unpublished cases of ours include two of megaloblastic anlemia after right hemicolectomy and anastomosis of ileum to colon, one of megaloblastic anamia after multiple operations for intestinal obstruction and strangulation, and one of megaloblastic anemia and loop syndrome after an operation to by-pass an intussusception.
In gastro-colic fistula steatorrhoea, wasting and hypoproteinTmic cedema are usually more prominent than anaemia. In one of our patients we were able to carry out a fat balance before and after an ascending colostomy which diverted the frcal stream from the fistula.
Before colostomy about 50% of the fat ingested was excreted in the stools whereas three months after colostomy only 7 % was excreted.
Professor Ian Aird:
The classification which Mr. John Bruce has arrived at for our guidance in discussion is to my mind a very suitable one. I do not wish to cover this field in full; I shall limit myself to a few rather disconnected observations on isolated aspects of some of the subjects to which Mr. Bruce has referred. Paralytic (adynaniic) ileus in the absence of peritonitis is a very rare phenomenon and I believe that it is seldom serious, now that gastro-intestinal suction drainage is available for the treatment of post-operative distension. Peristalsis is always recovered after a week at most, provided the intestine is kept sufficiently empty for its muscle to act at a suitable mechanical advantage. The situation in toxic (peritonitic) ileus is a more complicated one and my conception of the disease has some bearing on its treatment. After anesthesia or operation peristalsis is inhibited for six to twenty-four hours, recovering gradually. This period of quiescence is greatly prolonged if the proteins have been low at the time of operation and if the electrolytes are low also. Potassium lack, perhaps related to normal post-operative adreno-cortical activity, may also be important (Streeten and Ward-McQuaid, 1952) , and it may be prolonged if hexamethonium has been used (Mackey and Shaw, 1951) . When the initially weak propulsive force of peristalsis returns, it may fail to overcome the impediment of the slender fibrinous adhesions which are present in peritonitis but which would be no obstacle to the powerful peristalsis of normal bowel. The recovering peristalsis seems almost to be discouraged and certainly to tire after its initial efforts, there is a pause of abdominal silence for some hours, and the peristaltic attempts are repeated. If they fail after several successive episodes of effort, the adhesions produced by the peritonitis may be sufficiently organized and the bowel sufficiently distorted by them to have the effect of organic obstruction. In this variety of obstruction, a neurogenic factor is acting in association with a mechanical factor. Gastro-intestinal suction can meantime keep the intestine empty, and adequate intravenous saline and blood plasma will encourage peristalsis, but it is sometimes found, admittedly exceptionally, that when gastro-intestinal suction is stopped, the bowel still fails to regain its propulsive function, and in my view this is then due to a mechanical factor. I have known some patients go on for as long as four or five weeks, and many patients who have gone on for as long as two or three weeks, having their gastrointestinal suction interrupted and reapplied at intervals of a day or two. These patients are difficult to maintain in an adequate state of nutrition by intravenous therapy over so long a period, and their convalescence can be shortened and their health improved dramatically by the establishment, reasonably early, of a jejuno-transverse colostomy. A small paraumbilical incision is made and the first escaping loop of distended bowel is united by a small anastomosis to the transverse colon.
Immediately after the operation the abdominal distension seems to lessen, largely from a redistribution of gas to the colon, even though flatus is not usually passed for twenty-four hours. I have performed this operation on about two dozen patients who in the last twelve years have suffered from persistent and continuing peritonitic ileus and the results have always been gratifying. In most cases the by-passed small intestine seems to reopen and in these there are no nutritional disturbances. In one patient, a boy of 12, diarrhcea persisted after the anastomosis which had to be undone; within a few weeks he obstructed again and the anastomosis had to be refashioned; again there was trouble with diarrhoea, but the outbreak of war and my mobilization transferred this rather difficult problem to one of my colleagues. One other patient developed a macrocytic anxmia which was cured by the undoing of the anastomosis. I now perform jejuno-transverse colostomy about the tenth day after operation in a case of peritonitis if the intestine has not regained by then its propulsive function.
Post-gastrectomy aedema of the jejunuitm. Two observations related to post-gastrectomy mucosal cedema may be of interest. After gastrectomy, and particularly after gastrectomy performed for the relief of pyloric stenosis, when the patient's serum proteins are often low and their electrolytes deficient, sometimes the total fluid intake by mouth is recovered by gastric suction, none of it passing from stomach to jejunum. This is often ascribed to aedema of the mucosa at the stoma, chiefly because, in a few cases, gastroscopy has been performed and an cedematous stoma brought to view. In 2 of our patients obstruction at the stoma has persisted for so long that we have suspected a serious mechanical fault and have re-explored on the tenth or fourteenth day. In both these patients a palpable cedema of the jejunal wall was present extending along many feet of jejunum. When an attempt was made towards the lower end of the cedematous segment to introduce a jejunostomy tube for feeding, it was found that the lumen had been so narrowed by cedema that it would not accept even the narrowest suitable catheter. Our conception of this post-operative syndrome has therefore changed, and we now believe it to be due to an extensive cedema, not of the stoma, but of a substantial length of the jejunum. In 2 subsequent patients we have been 25 Section of Surgery 251 forced to continue to remove by suction the whole oral intake of the patient for a period of three weeks in one case, and four weeks in another, both patients then recovering a patent jejunal passage.
Professor C. G. Rob: With reference to Mr. John Bruce's remarks on necrotizing enteritis, we have seen 6 such patients at St. Mary's, 3 after abdominal operations and 3 after other procedures; all had one or more of the recognized antibiotics in the immediate post-operative period. 5 recovered with the most energetic treatment. The huge fluid losses by diarrhoea and vomiting must be replaced; in one patient who recovered these exceeded 19 litres in twenty-four hours and this amount of fluid and associated substances was given intravenously over the same period. In all our patients a penicillin-resistant staphylococcus has been present in the gastric aspirate; this infection, which we believe causes the necrotizing enteritis, has been treated by very large doses of penicillin given down the gastric aspiration tube. By this means a high concentration of penicillin was attained locally in the stomach, sufficient to destroy the penicillin-resistant staphylococcus.
Mr. D. C. Corry discussed Professor Charles Rob's statement that in 6-cases of necrotizing enteritis following partial gastrectomy he had been able to culture Staphylococcus aureus from the gastric aspiration.
Mr. Corry went on to say: I noticed these cases were liable to be multiple in wards and so considered they were infective in origin. Infection appeared to start when milk feeds were given and to occur in a ward where there had been another case of diarrheea, not necessarily, but usually, a gastric operation.
Cases occurring on the third and fourth day were the ones which caused the mortality. Diarrhcea occurring for the first time on the fifth or sixth day was milder and not likely to be fatal.
Staphylococcus aureus has been grown in one case from the stool but only following a request that this should be looked for specifically, as in the normal examination of the stool for pathogens staphylococcus was not looked for.
Eighteen months ago I reverted to the old practice of gastric feeds being given as a sterile feed. The milk, sufficient for 4 to 6 feeds only, was boiled and kept specifically for that patient. Until we know infection is not the cause it is certainly wise to give sterile feeds.
The diarrhoea often starts at night so that it is necessary to have a drill to ensure that large quantities of intestinal replacement fluid plus big doses of antibiotic by mouth are given before the patient gets dehydrated.
Not every case which came to post-mortem showed the pathological changes of necrosis in the intestinal mucosa.
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Mir. N. C. Tanner: Severe nutritional disturbances may follow chronic obstruction of the small intestine. In 1936 I reported before the Clinical Section of this Society a case of infantilism occurring in a young man as a result of chronic ileal obstruction due to Crohn's disease (Tanner, N. C., 1939, Proc. R. Soc. Med., 32, 34) . This patient gained height and weight considerably after the obstruction was relieved surgically.
I was interested to hear of the remarks on the long latent interval which may ocdir after gastrectomy before anamia may develop. In a review of a group of cases of partial gastrectomy carried out at St. James's and the West London Hospitals, my friend Mr. Harold Burge found that there was a tendency for the average hemoglobin percentage to diminish a little each year. For example, of the male cases only 1 out of 50 cases had a hiemoglobin below 75 % at the end of the first year after gastrectomy. At the end of the fourth year, 14%, and at the end of the sixth year, 24% had a hemoglobin under 75% (Tanner, N. C., 1954, Trans. med. Soc. Lond., 70, 171) . A similar delay may occur before megaloblastic anemia occurs after total gastrectomy. 2 of my longest surviving total gastrectomies for carcinoma reached the fifth and sixth years after operation without any appreciable anemia and yet just after the seventh year both developed a pernicious type of anemia. Both have been corrected by the appropriate treatment. Retention of even the minimum of stomach may delay the onset of anaemia. Two other quasi-total gastrectomies, that is not quite total resections (one of them having 1 cm. of the cardiac end and the other 3 cm. of the pyloric end retained) have remained without a megaloblastic anaemia although both have gone well over ten years since operation.
Dr. W. A. Bourne:
The only comment I can make at the moment is to support Professor Witts' statement about atrophic changes in the gastric mucosa after gastrectomy. I have recently reviewed my cases gastroscopically examined, and of those referred to me because of symptoms following gastrectomy I estimate about 8 % have atrophic gastritis. I think this is sometimes associated with hamatological and intestinal disturbance. 26 252
